The extensive use of Highly Active Antiretroviral Therapy (HAART) has transformed HIV infection into a chronic condition. Thus, metabolic alterations including lipodystrophy and dyslipidemia have been associated with the use of such medications. The objective of the present study was to analyze clinical metabolic alterations and the profile of TNF-α, IFN-γ, IL-2, IL-10, and TNF-α type II soluble receptor in serum of HIV-1 individuals with and without lipodystrophy. Eighty-four adults were evaluated, 42 males and 42 females, mean age 37 years, and HAART time of at least 15 months. Two groups were formed, G1: 42 individuals with lipodystrophy, and G2: 42 without lipodistropy. From the HAART used, stavudine was more associated with the lipodystrophy group and zidovudine with the nonlipodystrophy group. CD4 and CD8 values, viral load, glucose, albumin, and lipids were not different between groups, except for triglycerides, which were high in the lipodystrophy group, and HDL, whose concentration was reduced in G1. TNF-α, TNF-RII, and IL-10 profiles were high and had positive correlation; IL-2 and IFN-γ had reduced levels in the lipodystrophy group. High TNF-α and its receptor levels seem to be associated with lipodystrophy development in individuals under HAART therapy.
INTRODUCTION
The extensive use of potent combined antiretroviral therapy (HAART) has lead to an important reduction in morbidity and mortality associated with the HIV virus, transforming this disease into a chronic condition (35) . Therefore, changes in prognosis, quality of life, and survival of many patients have been observed (30, 35) .
Changes in the nutritional status associated with the use of these new therapies have also been observed in association with the patient's longer survival (6) . Alterations in glucose, triglycerides and cholesterol serum levels, other metabolic alterations, and body fat redistribution (lipodystrophy) have been reported (2, 5, 6, 36) and lipid metabolism has been associated with cytokines which are produced during infections (20) .
Biochemical alterations and participation of the immune system in lipodystrophy pathogenesis are still unknown. However, reports have been made in an attempt to explain these alterations and their possible involvement with antiretroviral therapy and the immune system (5, 6, 11, 17, 25, 26) . Several authors have reported Protease Inhibitors (PI) with cytokines such as TNF-α, IFN-α, IFN-γ, IL-1, IL-6, and IL-12, in the involvement in both immune reconstitution and lipid manipulation (5, 6, 10, 11, 25, 26) . In addition, the HIV PI immunomodulatory effect cannot be excluded in T cells. Such drugs suppress physiological apoptosis by inhibiting cellular proteases (39) and have a direct impact on cytokine production (1).
Ledru et al. (25) showed that the PI direct effect on cell proteases also have to be considered as a mechanism contributing to the accumulation of T cells, producers of TNF-α. Therefore, such polarization of T cells to synthesize TNF-α seems to favor lipodystrophy by contributing to changes in lipid metabolism. In fact, significant positive correlations were seen between the absolute number of CD8 T cells, separately. In all analyses, significance was p<0.05 (14) .
RESULTS
Comparison between G1 and G2 for gender, sexual transmission mechanism, and clinical epidemiological parameters such as smoking, fever, diarrhea, weight loss, and anorexia was not statistically different; however, G1 had fewer alcohol drinker and sedentary individuals than G2 (p<0.05). There was also no statistical difference between groups for age and time of the last therapy. Duration of HIV-1 infection and total antiretroviral therapy were both significantly longer in G1 (99.4±43.0 and 78.5±29.5 months) than in G2 (71.4±35.6 and 58.6±24.8 months), respectively (p<0.05).
For antiretroviral drugs and regimen, statistical difference was seen between the groups for number of patients under treatment for at least 15 months with zidovudine (AZT) (G1<G2) and stavudine (d4T) (G1>G2), but there was no difference between groups in relation to the antiretroviral class (p>0.05; Table 1 ).
Analysis of albumin, glucose, total and LDL cholesterol, T lymphocyte count with CD 4 + and CD 8 + markers, BMI, and viral load showed no significant difference between groups (Table 2 ). Only G1 triglyceride serum levels were higher than that of G2 (p<0.05). Reduced or normal HDL levels, considering gender, revealed more G1 patients with lower than normal values, compared with G2 (p<0.05; Table 3 ).
G1 cytokine serum levels of TNF-α, TNF Receptor II, and IL-10 were significantly higher, and IL-2 and IFN-γ levels were significantly lower than those of G2 (p<0.05; Table 4 ). Tables 5 and 6 show no association between lipid profile and cytokines between groups. However, there was correlation between cytokines and lipid profile within each group; G1 had positive correlation between IL-10, TNF-α, and sTNF R-II, and between TNF-α and sTNF R-II; and negative correlation between TNF-α and IFN-γ, and between IFN-γ and sTNF R-II. 
DISCUSSION
Non-drug-related factors such as gender, age, and HIV-1 infection duration (28) also seem to be associated with these body changes, but in the present study there was no association between gender or age and the presence of lipodystrophy (38) . Mean disease duration and mean total antiretroviral therapy time were higher in HIV-1 infected individuals with lipodystrophy (G1) than in those without lipodystrophy (G2).
Therefore, there seems to be an association between infection time, antiretroviral therapy time, and lipodystrophy. So, G2 individuals may develop such syndrome sometime in the future. However, mean time since last therapy was not associated with lipodystrophy.
Another important aspect reported by several authors is that lipodystrophy may be related to antiretroviral type (31) . In the present study, G1 had fewer patients on AZT and more on d4T, without differences for other drugs used, which agrees with literature, where (24) lipodystrophy is associated with d4T. Joly et al. (24) showed differences between AZT and d4T in relation to lipid plasmatic levels, revealing higher values in patients on d4T. However, analyzing the antiretroviral regimens used, it was not possible to see differences between G1 and G2.
Clinical epidemiological alterations have been related to possible alterations in the lipid and immunological profiles. However, smoking, fever, diarrhea, recent weight loss, nausea, and anorexia did not show differences between groups in the present study, thus eliminating their association with lipodystrophy. On the other hand, sedentarism was high in G1, probably due to advice and orientation that these patients received about practicing exercise. Alcohol consumption can interfere with the analysis of lipid profile metabolic parameters (3), but in the present paper it was absent in G1 and at low proportions in G2. Transmission mechanism in developing countries is generally by heterosexual relationship (40) , which was similar to the present study.
Albumin, a classic nutritional reference standard, like a negative acute-phase protein (15) , was normal in both groups. Therefore, it probably did not interfere with the overall evaluation of clinical metabolic nutritional and immunological alterations.
Several studies have shown that patients on antiretrovirals have increased serum levels of glucose, triglycerides, total cholesterol, and LDL (21) . In the present study, there was no difference in glucose concentrations between groups; mean concentration was within reference values. This agrees with Carr (5), who also reported that hypertriglyceridemia is relatively rare in lipodystrophy patients as most patients can compensate insulin resistance with increased pancreatic insulin secretion.
Mean G2 triglyceride levels were higher than reference values, similar to the results obtained by Pujari et al. (37) . Total and LDL cholesterol serum levels were within normal values between groups, which agrees with a recent study by Mallon et al.
(29).
HDL cholesterol serum concentration, when separately analyzed according to gender, was lower in G1; this agrees with Carr et al. (7), who reported a tendency to lower serum levels of such variable in HIV-1 infected individuals with lipodystrophy.
Individuals in both groups were eutrophic, which has been reported by several authors (33) who stated there is not necessarily a compromised nutritional state.
Other studies reported an association between CD4 and CD8 T lymphocyte count, viral load and lipodystrophy (27) ; this was not observed in the present study, in which Lichtenstein et al. (27) reported that a fast increase in CD4 T cell count may be a risk factor for lipodystrophy.
Knowledge of the immune profile through cytokine analysis and a possible relationship between lipodystrophy and lipid profile are important but not well-known factors.
Imami et al. (22) multifactorial pathogenesis, and increased breast fat in these women could represent a different syndrome (16, 19) .
Although their in vivo action is unclear, cytokines such as IL-2 play a crucial role in promoting both the survival and proliferation of lymphocytes and cytokine promoters, which activate lymphocytes highly susceptible to apoptosis (4). Higher levels of such cytokine were observed in G2, compared to G1. Therefore, low IL-2 and IFN-γ serum concentrations, as per Ostrowsk et al. (34) , are associated with the progression of HIV-1 infection, which suggests that the disease was more advanced in G1.
High levels of IL-10, TNF-α and its soluble receptor, and the lower IFN-γ and IL-2 production in lipodystrophy patients suggest that IL-10 participates in the control of inflammatory cytokine synthesis, as it can suppress IFN-γ response (16, 18) .
Different cell types such as T CD4 + , CD8 + , and NK secrete IFN-γ, which has a negative regulatory effect on Th2-profile cytokine secretion (8) . In the present study, higher IL-10 levels in G1 than in G2 could suggest a regulatory effect over IFN-γ production in G1. Also, TNF-α and IFN-γ can induce virus-infected target cell death by cytotoxic T lymphocyte (23) . In another study on IFN-γ participation in lipodystrophy, Clerici et al. (12) reported that some important immune functions, including IL-2 and IFN-γ production, remain compromised in AIDS women whether they have lipodystrophy or not. Similar results were found in the present study in the lipodystrophy group (G1).
However, G2 patients had significantly higher levels of IFN-γ and IL-2 associated with lower production of TNF-α and its receptor, suggesting that TNF-α synthesis is controlled in these patients. Lower TNF-α serum concentration in G2 patients seems to show its participation in the onset of such metabolic disorder.
According to some authors (9, 20) , most hypertriglyceridemia cases are associated with immune dysfunction. But, in the present study, it was not possible to associate the immunological profile with the lipid profile, as the cytokines analyzed in these individuals did not correlate to the lipid profile. Finally, such data suggest G1 patients had high serum concentrations of TNF-α, its receptor, and IL-10, and low concentrations of IL-2 and IFN-γ, compared to G2.
